Precipitate Growth Kinetics : A Phase Field Study by Mukherjee, Rajdip
Synopsis 
In this thesis, we have used phase field models for investigating diffusion controIled growth of 
an isolated precipitate in a supersaturated matrix under isothermal conditions. The classical, 
analytical results of precipitate growth kinetics (based on a sharp interface model) are avaiIable 
for systems with constant diffusivity for isotropic growth in one-, two-, and three-dimensional 
systems (ID, 2D and 3D); they neglect, however, the effects due to interfacial curvature (Gibbs- 
Thomson effect) in 2D and 3D systems. Thus, in this thesis, we examine the effect of a variable 
matrix diffusivity and interface curvature on the growth kinetics. In addition, we also examine 
the effect of an anisotropic interfacial energy on the precipitate shape and the kinetics of its 
growth. 
We have used two phase field models for studying systems with composition independent 
(constant) and composition dependent (variable) diffusivity in the matrix; they are referred to 
as Model I and Mode1 11, respectively. In Mode1 I, the microstructure is described in terms of a 
composition field and an order paramter field, and its evolution can be studied by numerically 
solving the Cahn-Hilliard equation (for composition field) and the Cahn-Allen equation (for the 
order paramter fieId). In the simpler Model II, the microstructure is described in terms of just 
the composition field, and its evolution is governed by the Cahn-Hilliard equation. 
We have solved these partial differential equations numerically using a semi-implicit 
Fourier spectral method using periodic boundary conditions. In our simulations, the system 
size and time of evolution of microstructure are chosen in such a way that, the diffusion fields 
of two neighbouring precipitates do not overlap at any time; our study, therefore, is restricted 
to the growth regime. Both Model I and 11 have been used for studying precipitate growth in 
1D and 2D systems with isotropic interfacial energy; however, only Model II has been used for 
studying 2D systems with aniostropic interfacial energy. 
For isotropic interfacial energy and for different degrees of supersaturation, we have de- 
scribed the evolution of precipitate-matrix micrstructure with the help of composition, order 
parameter and chemical potential profiles, for both 1D and 2D systems. Our results show that 
the growth regime follows the classical parabolic growth law towards later stages (i.e., after 
an initial transient), for both constant and variable diffusivity. For comparison we have also 
computed the growth coefficients for systems with both constant and variable diffhivity: for 
the former, we computed them using the classical results of Frank and Zener, while for systems 
with variable diffusivity, we computed them by solving the relevant sharp interface equations 
numerically. 
The growth coefficient values obtained for systems with a constant diffusivity are found 
to be in excellent agreement with the classical sharp interface results of Zener and Frank. We 
have also verified that this agreement is independent of interfacial energy or initial particle size. 
A good agreement also found for systems with variable diffusivity between our phase field 
simulation results and sharp interface (numerical) computations. 
Our diffuse interface model can automatically account for capillarity effect (also known 
as Gibbs Thomson effect) in 2D systems; sharp interface models of Zener and Frank ignore 
this effect. Our results show that the Gibbs-Thomson effect decreases the growth rate during 
the early stages of precipitate growth; this decrease in growth rate is more pronounced in alloys 
with lower supersaturation. However, as the precipitate becomes larger, its effect diminishes, 
and the growth rate approaches the sharp interface result for all the alloys. 
We have studied the effect of interfacial energy anisotropy on precipiate shape and growth 
rate, using a generalized version of Model 11, in which the gradient energy coefficient retains 
its second rank tensor nature. In this model, the interfacial energy vs. angle plot (also known 
as the poIar o plot) is elliptical in two dimensions, and hence, the Wulff or equilibrium precipi- 
tate shape is also elliptical. The precipitate growth behaviour is characterized in terms of aspect 
ratio, ellipticity and growth rate. Our results show that there exist two broad types of growth be- 
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haviours. At small anisotropies and supersaturations, shape preserving (SP) growth is obtained, 
while non-shape preserving (NSP) growth is obtained for systems with large anisotropies and 
supersaturations. 
In SP growth, the particles are more elongated than the equilibrium shapes. The growth 
coefficient is quite close to (and slightly higher than) that for isotropic systems. In NSP growth, 
the precipitate keeps elongating along their long axis, leading to an ever higher aspect ratio; 
further, the effective growth coefficients are not constant, but keep increasing with particle size. 
These results have been rationalized in terms of two competing effects: point effect of diffusion 
and the Gibbs-Thomson effect; the former promotes preferential growth of the precipitate along 
the longer dimension, and the latter discourages it by imposing a curvature penalty. 
In summary, our work (a) establishes the efficacy of phase field models in reproducing 
classical results in the field of precipitate growth, and (b) yields new results in the field by 
elucidating the role of variable diffusivity, interface curvature and anisotropic interfacial energy 
during precipitate growth. 
